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Abstract

Background Griffipavixanthone (GPX) is a compound extracted from Garcinia oblongifolia Champ. But, no research has
yet been done about the effect of GPX on breast cancer.

Methods We evaluated the proliferation of human breast cancer cells by CCK-8 assay and apoptosis by Annexin V (AV)-
FITC and PI double staining. We used transwell assay to indicate the invasion and migration of MCF-7. To explore the
molecular mechanism of GPX, we detected the mRNA and protein expression using qRT-PCR and Western blot.

Results In this study, we evaluated if GPX could inhibit the proliferation of human breast cancer cell MCF-7 and T-47D
with IC50 value of 9.64 +0.12 uM and 10.2 1 +0.38 uM at 48 h. And the IC50 value of MCF-10A is 32.11 +0.21 pM, which
showed GPX had a tiny side effect for normal breast cells. Annexin V (AV)-FITC and PI double staining demonstrated
firmly the apoptosis of MCF-7 resulting from GPX. Transwell assay indicated that GPX inhibited the invasion and migra-
tion of MCF-7. In addition, we found GPX cleaved caspase-8/9 and PARP, which play important roles in apoptotic pathway.
Furthermore, through the Western blot assay, GPX increased the level of pro-apoptosis protein Bax and cytochrome C. On
the contrary, GPX decreased the level of anti-apoptosis protein Bcl-2. Moreover, GPX increased the mRNA and protein
expression level of p53 and its target genes, which indicated that GPX induced MCF-7 cell apoptosis by up-regulating p53
and Bax expression while suppressing Bcl-2 expression.

Conclusion All the results showed that GPX induces MCF-7 cell apoptosis and could be considered as a potential drug for
breast cancer.
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Introduction like inflammation, cancer, diabetes, heart disease and so on

[1, 2]. Triptolide, an active chemical compound extracted

More and more wild plants are collected for medical pur-
poses in China, as extracts from plants have been proved to
play important roles. They are effective for various diseases,
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from Chinese herb lei gong teng (Tripterygium wilfordii
Hook F) [3], shows a broad spectrum of anti-cancer and
anti-inflammation activities [4], especially its anti-tumor
effect, against pancreatic cancer [5, 6], lung cancer [7],
breast cancer [8] and renal cancer [9]. Resveratrol, which
is extracted from grapes, red wine and tomatoes, is demon-
strated to have anti-cancer effects in prostate, colon, lung and
breast based on in vitro and animal model studies [10-12].
Chlorogenic acid, the extraction of Chinese herb Lonicerae,
has been reported to have a potential role in diabetes [13].
Panax pseudoginseng is considered as an effective medicine
in heart disease and hemostatic stasis [14]. In addition, the
natural compounds are popular because of their low side
effects [1]. Therefore, it is necessary to study the medical
value of effective components in the plants.
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Proliferation, apoptosis and metastasis of tumor cells are
the key steps in the occurrence and development of cancer.
The transcriptional factor p53 is widely recognized as an
important tumor suppressor in cells, which could protect
normal cell growth, initiate malignant cell death [15], results
in the changes of different proteins’ expressions, including
Bcl-2, Bax and caspase pathway, and finally suppress the
proliferation of cells. In contrast, Bcl-2 gene acts in the
opposite direction by encoding an anti-apoptotic protein.
The p53, Bax and Bcl-2 genes are important regulators of
apoptosis, and they have been found to play substantial roles
in the pathogenesis of different types of cancers.

Breast cancer is the most commonly diagnosed malig-
nancy among women [16] and one of the leading causes of
cancer death in females in China [17]. It is difficult to be
treated when metastasis occurs to bone and brain [18]. And
the current medical care options of breast cancer, including
surgery with adjunct radiotherapy, hormonal therapy and/or
targeted biologic therapy have a lot of side effects. But, the
compound from the Chinese herb may be effective.

Griffipavixanthone, a compound extracted from Garcinia
oblongifolia Champ, has been reported to exhibit anti-prolif-
erative effect on non-small cell lung cancer cell H520 [19]
and esophageal cancer [20]. But, no research has yet been
done about the effect of GPX on breast cancer. In this study,
we examined the effect of GPX on human breast cancer cells
and investigated the underlying mechanism of apoptosis
induction by GPX. The results showed GPX could inhibit
the proliferation, invasion and migration of human breast
cancer cell MCF-7. Besides, GPX triggers the accumula-
tion of p53 and Bax while it results in the decrease of Bcl-2.

Materials and methods
Reagents and siRNAs

GPX was received from Shixiu Feng as a gift [21]. Trypan
blue and crystal violet were purchased from Sigma-Aldrich.
4% paraformaldehyde solution, annexin V-FITC Apoptosis
Assay Kit (C1063), RIPA lysis buffer (p0013B) were pur-
chased from Beyotime Company. The first antibodies for
caspase-8 (AC056), caspase-9 (AC062), PARP (AP102)
were obtained from Beyotime Company. P53 (SC-126)
antibody was from Santa Cruz. Antibodies for Bax (2772)
and Bcl-2 (2870) were from Cell Signaling Technology. The
second antibodies (goat anti-rabbit and goat anti-mouse) and
B-actin antibody were acquired from CWBIO company. The
target sequences of si-p53 were 5'- GGUUCACUGAAGACC
CAGTT-3', 5'-CCACCAUCCACUACAACUATT-3" and 5'-
GACUCCAGUGGUAAUCUACTT-3', while the sequence of
control siRNA was 5-UUCUCCGAACGUGUCACGUTT-3".

Cell culture and transfection

MCF-7 human breast cancer cells were acquired from the
Institute of Basic Medical Sciences, Chinese Academy
of Medical Sciences. The MCF-7 cells were cultured in
DMEM medium (Gibco) with 10% fetal bovine serum, 100
units/ml of penicillin and streptomycin, which were incu-
bated at 37 °C with 5% CO,. Transfections were carried out
using Lipofectamine 2000 according to the manufacturer’s
instructions.

Cell viability assay

5000 cells per well were plated at 96-well plate and treated
with GPX at final concentrations of 0, 5, 10, 25, 50 and
100 uM until adherent (DMSO as negative control and cul-
ture medium as blank control). 10 ul CCK-8 solution was
added into the well after incubated for 48 h. The 96-well
plate was incubated at 37 °C for another 1 h and the absorb-
ance was measured by the M200pro Multimode Plate Reader
(Tecan, Switzerland) at 450 nm and 650 nm. IC50 was cal-
culated by GraphPad Prism 6 (GraphPad software).

Cell proliferation assay

3x 10 cells per well were plated at a 96-well plate. After
adherence, various doses of GPX and DMSO (negative
control) were added to the wells. 10 ul CCK-8 solution
was added into the well after being incubated for 24 h. The
96-well plate was incubated at 37 °C for another 1 h and
the absorbance was measured by the M200pro Multimode
Plate Reader (Tecan, Switzerland) at 450 nm and 650 nm.
The absorbance was measured every 24 h and the growth
curve of breast cancer cells was plotted by GraphPad Prism
6 (GraphPad software).

Clonogenic assay

2000 cells were plated in two 60 mm dishes and cultured in
medium with DMSO or 5 uM GPX. The cells were incu-
bated at 37 °C incubator for 2-3 weeks. Then the cells in
dishes were fixed by 4% paraformaldehyde solution and
stained with 0.1% crystal violet for 10 min. Finally, the
stained cell clones in dishes were pictured. Each treatment
was repeated for triplicate.

Transwell for invasion and migration assay
50,000 cells treated with 0, 10 and 20 uM GPX were seeded

into each well with serum-free medium at the upper com-
partment of the transwell plates (8 um, Corning, Inc) coated
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with or without Matrigel Basement Membrane Matrix (BD).
The medium with 10% FBS was added to the lower compart-
ment of the chamber. After being cultured for 24 h, the cells
going through the membrane were fixed with 4% formalde-
hyde and stained using 0.1% crystal violet and counted under
a fluorescence microscope (Olympus IX-71, Tokyo, Japan).
Each experiment was repeated for at least three times.

Apoptosis assay

About 50% cells were plated at 6-well plate and were treated
with DMSO or various doses of GPX (5 uM, 10 uM, 20 uM)
after adherence. The cells were incubated at 37 °C for 24 h
and stained with Annexin V (AV)-FITC and propidium
iodide (PI) according to the manufacturer’s instruction of
Apoptosis Assay Kit. The stained cells were analyzed using
Flow Cytometer (BD company, US). The experiment was
repeated for three times.

RNA isolation and real-time PCR

MCF-7 cells were treated with various doses of GPX for
24 h. RNA was isolated using Trizol Reagent (Life Technol-
ogies) according to the manufacturer’s instructions. 1000 ng
total RNA was reverse transcribed to cDNA using High-
capacity cDNA Reverse Transcription Kits (TaKaRa). The
real-time PCR was performed on the Bio-Rad CFX 96 Real-
time PCR system using SYBR® PrimeScript™ RT-PCR Kit
I (TaKaRa) and specific primers (Table 1). The primers
were synthesized by Invitrogen Inc. The mRNA level of each
gene was normalized to B-actin with the AAC, method using
Bio-Rad CFX Manager V1.1.308.1111 software. The experi-
ment was repeated for three times.

Western blot

MCEF-7 cells were treated with various doses of GPX for
48 h. Cells were collected and lysed with RIPA lysis buffer
after the protein concentrations were determined using BCA
assay. Proteins were denatured by boiling in 6x SDS sample

antibodies and protein bands were visualized using the ECL
system. p-actin was used for the loading control.

Statistical analysis

All the data were expressed as mean+ SD. And all the
experiments were repeated for at least three times. All the
statistics were performed by GraphPad Prism 6 Program
(GraphPad software, Inc.). A p value <0.05 was considered
as significant.

Results

GPX inhibits the proliferation, growth, invasion
and migration of MCF-7 cells

According to the published paper [21], the chemical struc-
ture of GPX was shown in Fig. 1a. First of all, we examined
the IC50 value of breast cancer cells (Table 2). Besides, to
investigate the effect of GPX on the breast cells’ prolifera-
tion, MCF-7, T-47D and MCF-10A cells were treated with
four doses (0, 5, 10 and 20 uM) of GPX and incubated for
4 days to check the growth curve. At the same time, we
compared the proliferation in breast cancer cells (T-47D,
MCF-7) and normal cell MCF-10A. As shown in Fig. 1b,
the proliferation of MCF-10A was much faster than T-47D
and MCF-7, which indicated GPX had a slight side effect
on normal cells compared with cancer cells. And the result
showed that GPX inhibited the proliferation of MCF-7 and
T-47D cells in a dose-dependent manner and the growth of
cells was inhibited even at 5 uM. In addition, we carried out
clonogenic assay to check the effect of GPX on the surviv-
ability of MCF-7 cells. The size and the number of colonies
in GPX-treated group were much smaller and less compared
with the control one (Fig. 1c), which indicated that GPX
suppressed the proliferation of MCF-7 and T-47D cells

Table 2 IC50 for breast cancer cells

buffer for 5 min at 95 °C and subjected to SDS-PAGE fol- MCF-7 T-47D MCF-10A
lowed by Western blotting. Protein blots were probed with
.. . . . . 1C50 (uM) 9.41+0.12 10.21+0.38 32.11+0.21

the indicated primary antibodies and appropriate secondary

Table 1 Primers for q RT-PCR Genes Forward Reverse
p53 5'"TCAACAAGATGTTTTGCCAACTG-3' 5'-ATGTGCTGTGACTGCTTGTAGATG-3’
p21 5'-CTGGAAGACTCTCAGGGTCGAA-3’ 5'-GGCGTTTGGAGTGGTAGAAATC-3'
Dr5 5'TGGTTCCAGCAAATGAAGGTG-3' 5'-CCGCTGCCTCAGCTTTAGC-3'
Fas 5'-AGCTTGGTCTAGAGTGAAAA-3' 5'-GAGGCAGAATCATGAGATAT-3’
Puma 5'-GACCTCAACGCACAGTACGAG-3’ 5'-AGGAGTCCCATGATGAGATTGT-3'
B-Actin 5'-AATGTCGCGGAGGACTTTGAT-3' 5'-AGGATGG CAAGG GACTTCCTG-3’
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Fig. 1 GPX inhibits the prolifer-
ation, growth and survivability
of MCF-7 cells. a The chemical
structure of GPX; b the growth
curve of T-47D, MCF-7 and
MCF-10A cells treated with
four doses of GPX for 4 days;

¢ the effect of GPX on the
survivability of MCF-7 cells
was evaluated by the size and
quantity of cloning formation;
d the invasion and migration

of MCF-7 cells treated with
three doses of GPX (scale bar:
200 um); p <0.05

significantly. Then, we examined the invasion and migra-
tion of MCF-7 with GPX (Fig. 1d). And the result showed
that the invasion and migration of MCF-7 were suppressed
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obviously with the treatment of GPX. All the data above
revealed that GPX could inhibit the proliferation, growth,
invasion and migration of MCF-7 cells.
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GPX induced the apoptosis of MCF-7 cells

To examine the apoptosis of MCF-7 cells with or without
GPX, the DNA content was measured by flow cytometry. As
shown in Fig. 2, cells were treated with indicated doses of
GPX and then stained with PI and Annexin V (AV)-FITC.
The results suggested that GPX could induce the increasing
percentage of both early (AV+/PI-) and late (AV+/PI+)
apoptotic MCF-7 cells in a dose-dependent manner, which
implied GPX could result in apoptosis of MCF-7.

Effect of GPX on p53 target genes and p53 protein

P53, as a tumor suppressor gene, has an important role in
maintaining the growth of normal cells and inhibiting the
growth of tumor cells. Being a transcription factor, p53 is
closely connected with many cell pathways about apoptosis.
To investigate the effect of GPX on p53 function, we exam-
ined p53 target genes’ expression using qRT-PCR. As shown
in Fig. 3a, the mRNA level of these target genes (includ-
ing Dr5, fas, p21, puma) were all up-regulated with doses
of GPX. Meanwhile, we further examined the mRNA and
protein level of p53. The results in Fig. 3b, c indicated that
transcriptional activity of p53 gene and p53 protein level are
enhanced by GPX in a dose-dependent manner. Moreover,
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Fig.2 Apoptotic analysis of MCF-7 treated with GPX by flow
cytometry. The figure above showed the changes of MCF-7 cells
treated with four doses of GPX in four stages: the intact cells (AV—/
PI-), early apoptosis cells (AV+/PI-), later apoptosis cells (AV+/
PI+) and the necrotic cells (AV—/PI+), and the figure below calcu-
lated the percentage of intact cells, necrotic cells and apoptotic cells,
p<0.05
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we detected the cell viability and the apoptosis proteins by
knock down p53, cells were transfected with p53 siRNA for
24 h and treated with 10 uM GPX for another 24 h, cell via-
bility was detected by CCK-8 reagent. The result in Fig. 3d
showed p53 knockdown groups promote the cell viability
upon GPX, which indicated that p53 played a key role in
the effect of GPX in MCF-7 cells. We furthermore inves-
tigated the effect of GPX on apoptosis proteins after p53
knockdown. The data in Fig. 3e showed that knockdown
of p53 reduced Bax, PARP cleavage and increased Bcl-2.
These results together suggested that triptolide may act in a
pS53-dependent manner.

Effect of GPX on caspases’ activities and Bax-Bcl-2
proteins

Caspases’ activities are considered as important regulators
in cell apoptosis. In addition, the cleavage of PARP pro-
tein is also an induction of apoptosis. Because of caspase-3
deficiency in MCF-7 cells, we examined the protein levels
of caspase-8, caspase-9 and PARP using Western blot. The
results in Fig. 4a showed the caspase and PARP proteins
were all cleaved in the cells treated with GPX compared
to the protein without GPX. The cleaved protein bands of
these proteins are increased, which the initial bands in the
treatment without GPX disappear while the cleaved bands
in the cells treated with GPX appear.

Bax and Bcl-2 are important proteins in cell apoptosis by
releasing cytochrome C in mitochondria, which Bax induces
apoptosis while Bcl-2 inhibits apoptosis. Here, to analyze
the effects of GPX on Bax, Bcl-2 and cytochrome C, we
examined the expression of these proteins using Western
blot with or without GPX. As shown in Fig. 4b, Bax expres-
sion increased while Bcl-2 decreased in the treatment with
GPX groups compared with control group. At the same time,
cytochrome C in treatment groups was released. The results
revealed that GPX could lead to MCF-7 cell apoptosis.

Discussion

GPX, extracted from Garcinia oblongifolia Champ, has been
reported to exhibit an anti-proliferative effect on non-small
cell lung cancer cell H520 [19] and esophageal cancer [20].
Dr. Shi’s research identified GPX and presented its anti-pro-
liferative effect on NSCLC cell H520 with ROX generation.
Dr. Ding showed that GPX could inhibit tumor metastasis
and proliferation via down-regulating RAF-MEK-ERK
pathway in esophageal cancer. However, there is no study on
the effect of GPX on breast cancer. Because breast cancer is
the most commonly diagnosed malignancy among women, it
is necessary to examine the effect of GPX on breast cancer.
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as a control. p<0.05. d Effect of p53 knockdown on cell toxicity

Apoptosis is a normal process in the growth of various
cells [22]. The apoptosis of cells usually includes Bcl-2
expression and the elevation in Bcl-2 to Bax ratio prevents
apoptosis and the cell survives [23]. On the other hand,
apoptotic stimuli activates the expression of p53, result-
ing in a Bcl-2 suppression and Bax up-regulation [24]. In
fact, the interaction of p53, Bcl-2 and Bax may cause a
malignancy and p53-Bcl-2-Bax signaling pathway plays
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of GPX. MCF-7 cells were transfected with p53 siRNA or negative
siRNA for 24 h, and then treated with 10 pM GPX for another 24 h.
Cell viability were normalized with the cells without GPX. e Effect
of p53 knockdown on the induction of apoptosis proteins and PARP
cleavage by GPX

an important role in the axis of apoptosis in breast cancers
[25].

In this study, we emphasize on the cell apoptotic detec-
tion of GPX on human breast cancer cell MCF-7. First
of all, the growth curve, clonogenic assay and transwell
assay (Fig. 1b—d) indicate that GPX could inhibit the
proliferation, growth, invasion and migration of MCF-7
cells. Besides, AV-FITC/PI staining (Fig. 2) suggests GPX
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Fig.4 Effect of GPX on the a GPX(nM) b GPX(M)
expression level of some pro-
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could induce cell apoptosis. Moreover, the growth curve
of MCF-10A shows GPX has a minimal side effect to nor-
mal breast cell, which hints that GPX may be a potential
drug for breast cancer. In the molecular part, we found
that GPX increases the mRNA level of apoptosis related to
gene p53 and its targeted genes in the treated cells (Fig. 3).
Puma gene is a pro-apoptosis protein, combined with other
Bcl-2 family proteins, resulting in the changes of the mito-
chondria membrane permeability, and accordingly caused
cytochrome C release. In addition, we found that GPX
increases the level of p53, pro-apoptosis protein Bax and
cytochrome C in mitochondria while it decreases the level
of anti-apoptosis protein Bcl-2 (Fig. 4b). And the releas-
ing of cytochrome C usually result in the activation of
caspases. Because of the deletion of caspase-3 in MCF-7,
we then detected the activities of caspase-8/9 and PARP.
The results of our study (Fig. 4a) show that PARP and
caspase-8/9 are cleaved in GPX-treated cells, indicating
that GPX induces MCF-7 apoptosis. All the results above
demonstrate that GPX results in MCF-7 apoptosis and
indicate GPX could be a potential drug for breast cancer.

In conclusion, our data showed GPX could increase the
mRNA level of p53 gene and its target genes and change
the protein level of p53-Bcl-2-Bax axis, which indicate
GPX may induce MCF-7 apoptosis by regulating p53 and
its association. However, the dependency of griffipavixan-
thone’s effects on p53 may be specific to MCF-7. T-47D
cells possessed nearly the same IC50 with MCF-7 in spite
of the fact that T-47D harbors L194F mutation in TP53
which impairs its function. And it still needs more investi-
gation on the mechanisms of griffipavixanthone’s effects in
T-47D. And the detailed mechanisms on how GPX affects
other breast cancer cells like HER-2(+) also need to be
further explored.
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